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A SXBHOATia ITVESITGATION OF PRESSURE DISTRIBUTIONS 
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LOJI-DRAO .-iHD CONVENTIONAL AIRFOIL BEOTlOi S 

Ey Donald J.   Graham,   Gerold E.  Nltzberg, 
and Robert II. Olsen 

SUiaiARY 

Pressure distributions  determined from high-speed <-ind- 
tunr.el test3 are presented for five UA3A airfoil sections 
röni'pse^t.ntlve of "-.oth low-drag and conventional types. 
Section oh irao^eriatics of lift,   drr.fr,   an;*  quarter-chord 
nltor.lnj- moment ar:? oresented along vlth the r.easured nressure 
Attributions for the IUCA 65^-215 (a = 0.5),   66,2-215 
(a   =0.6),  0015,   2?0l5,  and 55-15  ^.irfoile for sneeds UT  to 
approximately Ö..15 liaoh number.    A critical stuif.y Is ma'le 
->f tl-.e airfoil pressure distributions  in .in attemot to 
formulate a set of general  critrrla for defining the ch-rac- 
ter of high-speed flovs over  tyrlcil  airfoil  shapes.     Conpari- 
sone are -ade of the relative characteristics of the low-drag 
and Conventional  airfoils  investigated insofar ae  they ',-ould 
influence the high-speed performance and the high-speed 
stability and ooi'tr«!  characteristics of alrolanes employing 
these Ting sections. 

At Uach nunberj i&rra the local velocities over m 
airfoil   ire entirely suosonio,   airfoil  orepeure distributions 
may generally be predicted satisfactorily from the  corre- 
sponding loi'-s^eeä pressure  distributions by neans of  the 
Karm-n-Taien compressibility relation.    At higher Hash numbers 
for  'hich but llritofl regions of loe~l  supersonic flo" exist, 
EUDercrltioal pressure cii= vributions ray be related Quali- 
tatively to the low-speed pressure distributions. 

The lov^drag tyue nlrfoil,   as  exenplified in the present 
investigation by the NACA 65S-215 (a = 0.5)   and 66,2-215 
(a »0.6)   scctlor.s,   constitutes an inorovement over the con- 
vention»!  tyne airfoil of  ecual  thickness  'hen employed on 
the "ing sections of high-speed airplanes,  in  that it would 
promote more favorable airolane stability  and  control 
characteristics at supercritical  speeds.   Contrary to popular 
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expectations, however, the low-drag airfoil is but slightly 
better than the convention?.! section r.s regards supercritlcrl- 
cpecrl dra^ characteristics. 

f    i 

XOTR08ÖÖK0N 

Fundamental aerodynamic theory has been found to be fully 
adequate In defining the essential character of general loir- 
speed air flows. Suoh a vast amount of engineering formulation 
has bern amteasd fro:;, reaearoh both theoretical ana experimental 
on the characteristics of aerodynamic bodlee subjected to low- 
speed air flows that the practice! aerodynaulolat has little 
difficulty in designing airoraft for efficient operation In this 
realm of flight, in  the region of noderate- and high-speed 
flight, hoi.ever, whoro fluid compressibility bocor.es an impor- 
tant factor, the extent of knowledge of the character of air 
flows la very limited. The br.oio theory whioh treats low~r.peed* 
flows eo satisfactorily falls to define high-speed flows. 
Attempts have boen made by many investigators to modify the 
classical aerodynaala thoory for the effects of fluid compressi- 
bility so as to permit c logical understanding of high-speed 
air flows. Tho most familiar, of these modifications are the 
Prandtl-Glauort and the Karmafi-Tsien relations for predicting 
the velocity or pressure fields at compressibility speeds about 
airfoils from their hnown low-speed velocity or pressure dis- 
tributions. Those theoretical relations have been satisfacto- 
rily verified by experiments on airfoils at speodB up to their 
critical velocities; that Is, the stream velocities correspond- 
ing to ths first attainment of the velocity of sound locally 
or: the airfoil surfaces.  '.a the critical speed of an rirfoil 
is exceeded, however, end the locrl velocities over the surface 
exceed tho spco'l of sound, ebrupt discontinuities occur In the 
flow whioh cause the brslc theories and existing compressibility 
modifications thereof to fail. She critical speed, then, appears 
to bo the upper 7,1ml t of the speed range in which tho Prandtl- 
Olauert and Sarman-Telen modif icr.tions to the basic aerodynamic 
theory ore applicable. 

Although the character of low-spocd flo^a is well under- 
stood and moderately high-speed flows oan apparently be dealt 
with satisfactorily by moans of existing modifications to 
classical ülxorios, rory littlo is hnowr. rbout the fundamental 
mechanism of air flows at supercritical velocities. Wot only 
is the aorodynamioiat at ? losa to understand tho character of 
supercritical speed flows, but until very recently the informa- 
tion available to him on the nature of tho forces and moments 
on aerodynamic bodies subjected to such flows has been 
extremely meager.  In recognition of the acute need for experi- 
mental data on the phyaloal phenomena associated with tho 
attainment of supercritical velocity f'ows ovci- airfoils, and 
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of the need for a core thorough understanding of the character 
of high  subcrltlcal velocity floivs, the present investigation 
was undertaken. 

Testa were iaade in the AIBOS 1- by J^~foot high-speed 
wind tunnel to determine the orecsure distributions at high 
speeds over the NACA 652-21? Ta = 0.5), 66,2-215 (a = 0.67, 

0C15, 23015, and W15 Elrf<,ll sections. The airfoils were 
selected as being representative of each of several types of 
airfoils widely cnroloyed in the design of aircraft; the 
N«CA 652-215 (e - 0.5; t id 66,2-215 Tr. = 0.6) being typical 
low-drag airfoils with different positions of minimus pressure; 
the NACA 0C15, a eyiXtrlcr.l conventional airfoil; the NACA 
23015, a typical forTvard cais'cered conventional airfoil; and 
the N.iCA 4415, a typical highly positive cambered conventional 
airfoil. *•  critical at udy is made of the pressure 
distributions and aerodynamic characteristic« of the r.lrfoil 
sections investigated in the hope of outlining a sufficient 
understanding of high-speed flows to permit the prediction of 
the behavior at supercritical speeds of other airfoil sections 
ffilling within the same general classification scheme. 

I 

APPARATUS Ai>D I0STKODS 

The testa were conducted in the Araea 1- by 3j~foot high- 
speed wind tunnel, a low-turbulence, t'.v'o-dinenslonal-flow 
wind tunnel powered by two electric motors of 1000 horsepower 
sufficient pbx-.'er to obtain choked flow with any size of model. 

31x-inch-chord models of the KACA 652-215 (a = 0.5), 

66,2-215 (a - C.6), 0015, 23015, and 41*15 airfoils were con- 
structed of durrluiLln and steel for the tests. The models 
were equipped with from 30 to >2 pressure orlficee of O.OOg- 
inch diameter drilled perpendicularly to the airfoil surfaces 
at standard chordwise stations. The airfoils were counted, 
as illustrated In figure 1, so as to span completely the 1- 
foot width of the tunne1 test section, and were supported In 
tight-fitting platen e—itoured to the airfoil surfaces t.nd 
sealed with rub'oer gaskets to eliminate air leakage about the 
ends of the airfoils. Wind-tunnel tests have indicated that 
end leakage must be prevented if tvo-di^onsional-flow 
conditions arc to be"realized. To facilitate construction 
of the .-sodels, the ?jlane of pressure aeasurcaents was chosen 
midway between one side wall and the center of the tunnel. 
Previous teete have shown no differences In p.irfoll pressures 
fcercured In this plane and In the plane of symmetry. 

COKFIDEXTUL 
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Simultaneous measurements of airfoil pressure distribution, 
drag, and in the oases of the NACA 0015 and H15 airfoils, 
lift and ouarter-chord pitching moment were made for angles 
of atte.clc 're.nglng from -6° to 16   by 2    increments at speeds 
from 0.3 Ilpch number to approximately C.35 liach number, the 
choking speed of the wind tunnel for these tests.    The corre- 
sponding Reynolds numbers ranged from approximately 1,000,000 
t.0 2,000,000. 

Airfoil pressures wore measured by means of multiple- 
tube manometera,  tetrabroraoethane being used as the manometer 
fluid whenever possible to maintain a high degree of accuracy 
of measurement.    For the hlpher pressures mercury served as 
the manometer fluid.    Lieuld heights were recorded photograph- 
ically to ensure the simultaneous measurement of all pressures. 
Airfoil drag was measured by means of wake surveys made with 
a movable rake of total-head tubes. 

In the cases of the ÜACA 0015 and 4415 airfoils,  lift 
and quarter-chord pitching moments were obtained directly 
from measurements of the reactions on tho tunnel walls of 
the foroes experienced by the airfoils.    Previous wind-tunnel 
tests have demonstrated very satisfactory agreement between 
characteristics determlnad . -oa wall-rsactlon measurements and 
those derived from simultaneously measured airfoil pressure 
distributions. 

TEST RESULT3 

In figures 2 to 6, Inclusive, appear the pressure distri- 
butions for the HACA 652-215 (a = 0.5), 66,2-215 (a •> C.6), 
0015, 23015, and W15 airfoil sections in that order. In 
these figures pressure coefficient ? 18 plotted ad a function 
of the chordwlee location of the airfoil pressure orifices for 
constant angles of attack end varying Kaoh number. The 
pressure coefficient is defined as 

t  m P - Po 
<lo 

where 

p   local atatlo pressure on the airfoil surfaoe 

p0  static pressure of the undisturbed stream 

«0 dynamic pressure of the undisturbed stream 
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Corrections to the pressure coefficients and angles of attack 
for tunrwl-watl-lnterferenoe effects calculated by the method 
of reference 1 proved to be negligible for the sizo cf model 
tee sea and hare therefore not been applied to the preesure- 
dlstrifcution data, The stream velocities, however) have been 
corrected fir tunnel-wall effects 'oy  the method ef reference 1. 
Broken lines were used in figure a 2 to 6 wherever ehe stream 
velocities were within 0.025 tfaoh number of the choking speed 
of the '"/lnu tunnel• Under such conditions, where present 
tunnel-wall-correotion methods are invalid, it is doubtful  • 
whether the measured pressure distributions arc truly 
reprerentf.tlvc of free-air characteristics. 

For the convenience of the designing aerodynaalolet, 
values of the airfoil section lot.d parameter ? = Pj - Pu, 

where Fj and P  are the lccr.l pressure ooeffloients on 
the upper and lower surfaces, respectively, at B given 
ehordwlse station ef the airfoil, are tabulated for the five 
alrfoila in tables I to V, inclusive, for the ranges 
of angles of attack and Maoh numbers investigated. 

In figures 7 through 11, proseuro coefficients at the 2.5- 
loercent-chora station for the surfcoo having the minimum 
local pressure are ol>tted as a function of free-stream Mach 
number for angles of attack of -I*0, -2°, 0°, 2°, ^°, and g° 
for the NAOA b5g-2%5  (a = 0.5), So,2-215 (a - 0.6), 0015, 
?j>C15, and W15 a'rfo' . sections, respectively. These figures 
are preeented to show that a marked change in the character 
of the flow over an airfoil occurs after the airfoil critical 
epeed has been exceeded. 

The variation of section lift coefficient with M?.ch 
nur.ber at oonstant angles of attaofe from -6° to 10c is shown 
in figures 12 through 16 for the five i\irfolls in the 
previously mentioned sequence. ?or the Iv-.C« öj^--!? (a = 0.5), 
66,2-215 (a = 0.6), • nd P3015 profiles, the lift coefficients 
were obtained by Integrating the measured oreseure dls- . :• 
tributione. For the N--.C. C0I5 and 1415 seotions, the lift 
coefficients shewn were calculated from wall-reaction force 
tests made simultaneously with the pressure-distribution 
measurements. This method, as mentioned previously, produces 
results as accurate as thore derived from the pressure 
distributions ;;ithout the tedious integration procedures 
Involved in the latter method. 

On each of the figures 12 through 16 are plotted theoret- 
ical airfoil critical speeds, taken from roferer.ee 2, for 
comparison with the experimental critic-?! speeds determined 
from the .v.casurcd pressure distributions by the method 
outlined in reference 3. In the belief that they are of 
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greater significance than critical speeds in Barking the 
onset of abrupt adverse changes In airfoil charaotörieties 
at ccEipr-öfsloillty speeds,  Mach numbers of lift and drag 
divergence,  appropriately defined hereinafter, ere also 
plotted on each of   ti-ese figures.    The Haoh nuaber of lift 
dlvcrgsnce for r  given r,nglc  of attr.ck ie defined In this 
report »c the lowest value  of the Mach number corresponding 
to an Inflection point on the curve of lift coefficient 
a. ..i;:3t -•.; ch nudber.    The  value of the Mach number at which 
the elo,).   cf the curve of ö-ag coefficient against Mach 
number ocecmes eoual t- 0." 0 Is arbitrarily defined as the 
Kach number of drag divjrgence. 

The drag-dlvorger.es Kach numbers lndloated in figures 
12 through lo '-.ere  XrV.o-i from the ylcts   (figs.  17 to  El, 
incl.)  of section drr.g coefficient against Mach number at 
constant pr.gljs  of attack for the respective r.lrfoile 
Investigated.     Drag coefficients were computed froia the wake- 
survey ner.surerr.cntf. by the  method of reference  ft. 

The variation of  aeotlon cuarior-chord jltchlng-corcent 
coefficient with Mach number for the five rlrfolls is illustrated 
in figures E2 through 24 for armies of  attack frorj -6° to 10°. 
Except in the case of the KnC.-. 001? and W15 airfoils,  where 
the pitching noaente were do to rained fror.: wall-reaction 
Eeasureuirnts,   the values of eectloa pitohlng-moment coef- 
ficients were aerived from integrated pressure distributions. 

The rirfoil section characteribticn of lift,  drag,  and 
pitching moment reported herein have been completely 
corrected for tunnel-wall interference by the method of 
referenoe 1.    The dashed lines at the hi:_:h-specd extremities 
of the curves of figures 12 to 24,  inclusive,  were used to 
indicate that characteristics observed In the vicinity of the 
choklne velocity of thu wind tunnel are  of  questionable 
validity. 

In figures 25 through ?9,  cross plots  of the variation 
of  section lift  cooffiie:,.   with angle  of attack at constant 
Kach number are  shown for the respective rirfolls.    The 
variations of rcctlon drnf and cltflbing-moment coefficients 
with section lift coefficient are presented in figures 30 
to 34 and 35 to 39»  respectively.    Sata obtained within Ü.C25 
Mach number of  the  choking Mach number are afr.in Indicated by 
dashed lines. 

I 
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DISCUSSION 

The  study of tro large nunber of pressure distributions 
obtained in the course of the pro sent "investigation nay 
perhaps be facilitated by considering the characteristic 
differences of flows whloh are entirely euoconic and those 
which consist of Kixed subsonic and supersonic local velocities. 
As s first step In this direction several representative 
pressure distributions,  ehown in figure £(a),  for the N«CA 
öfg-Sl? (a « 0.5) airfoil at -6° an^le of attack will be 
dlecussru.    Considering the subcriticr'.l case,  where the flow 
is entirely ou'csonlc,   the growth in pressure coefficient 
correepordl-if to tre  increase  In iir.ch number from O.3OO to 
O.hCl,  fcr the  ororsure distributions  of figure  2(a) , is, in 
good agreement with what would be predicted by the Krrcr.n-Tslen 
theory.    Ihe pressure coefficient at the lower surf&oe ?..5~ 
percent-chord station noted icr the  O.pOl   .ach number oorre- 
sporda to £> local velocity vihich is slightly Bupersonic. 
Pressure dlstrloutior.s cbasrved at Iiaoh numbers above 0.50, 
than,  fall vrithin the  supercritical category. 

The  characteristics of nresEurc Ala. trlbut Ions are more 
complex at supercritical   than at nuborltioal Mach numbers, 
Referring; a.;?*-ln t'  fU  re 2(a),  as tho Mr.ch number rises to 
0.6c6 the lo'ver-sorfiice minimum pressure coofficient becor.es 
more- negative and attains a vt.luo which corresponds to a local 
Mach number of about 1.6.    At this frao-strer.n Mach nuabor 
tho supersonic flow over tho forward 10 percent of the airfoil 
chord on the lower surface  is terminated by an abrupt pressure 
recovery,   indicative of a shock wr.ve.    Over the remainder of 
the airfoil surface the flow is subsonic and tho, pressure coef- 
ficients are still In good agreement with tno Korman-Tslen 
corrections to the low-speed pressure dletributlon.    When the 
free-stream Wr.oh number is inoreaeod still further,  the lower- 
suri'pci pressure-coefficient peak becomes leas negative and 
the portion of tho airfoil surface over which the local 
velocities  are  supersonic  lncretscn  In length.     At r Mach 
number of 0.757 the experiwmtal pressure distribution shows 
that tiiere are euporeonio velooitioa over the forward 50 
percent of the lower surface,   and over the upper surface 
fro:.; tho **0-  00 the 60-peroeat-chord stations.    The pressure 
coefficients measured behind these supersonic regions ar.o   t 
somewhat core negative then would be predicted by the ICarman- 
Tsien tneory,  a difference which becomes greater when the 
free-stream Mach number  is  Increased above 0.757« 

Tho  description which has Just boon presented applies 
to a specific airfoil section at a specific anple of attack. 
Fip-ures ? through 6 show that the variation of the pressure 
distributions with Mach number is considerably different for 
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other airfoil sections and angles of attack. In all these 
cases, however, the effect of coocrosslbillty at subcrltical 
speeds is to change the pressure distribution with Mach 
number in ? manner which is adeouately represented, except 
very near the airfoil leading edge, by the Karmcn-Tsien 
compressibility correction. It can therefore be said that 
a satisfactory unäeretanäing of airfoil pressure distributions 
at subcrltJcal Mach mürbere has been achieved. 

The nature of supersonic flow being fundamentally 
different from subsonic flow, the pressure distribution over 
that portion of the airfoil where the local flow velocities 
are supersonic cannot be expected to bo directly related to 
the local low-speed pressure distribution. A study of the 
pressure-distribution data presented In this report revcels 
that, outside the local region of supersonic flow, there is a 
general resemblance between the supercritical and the sub- 
critloal pressure distributions for the same airfoil, "his 
fact provides valuable assistance In studying those pressure 
distributions, characterIstic of small angles of attack, for 
which the region of eupori .nie flow docs not begin until some 
distance from the airfoil leading edge. Another factor of 
assistpnee In the analysis at these angles is a general 
similarity of the shape of the supersonic portion of the pressure 
distribution for all five airfoils Investigated. An intensive 
study of the particular typo of ores sure distribution character- 
istic of small angles of atsrek was made in reference k. 
In that study it was found that the subsonic portion of super- 
critical pressure distributions can be predicted by the same 
methods used for subcrltical Kaon numbers, and the shape of 
the supersonic portion of the pressure distribution was found 
to be dependent upon the geometrical characteristics of the 
position en the airfoil surface at which local sonic velocity 
is firsc reached. This analysis lad to an empirical theory which 
permitted a reasonable prediction of the pressure distribution 
in the suoersonlc region cf falling urosnure coefficients for 
angles of attack of C", 2°, and H-0 arid for Kach numbers up to 
about O.g. It appears that an aeourate quantitative analysis 
of supercritical pressure distributions at other than small 
angles of attack would be very involved and recuiro more 
cxtoneive experimental and theoretical lnvcstitF.tions. There 
is a major difficulty at large ancles of attack in that the 
sonic ooint occurs so near the airfoil loading edge. In this 
region the .nature of compressible flow is particul?rly complex. 
It has been pointed out that the characteristics of the super- 
sonic portion of the pressure distribution apoear to be highly 
•dependent upon conditions e.t  the sonic point. Therefore an 
understanding of the nature of the variation of or3Ssure coef- 
ficients with Mach number in the immediate vicinity of the air- 
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for low-drag1 airfoils at lift coefficients within the low- 
drag-coefficlent range:  (3) large negative -pressure coefficients 
at the noee of the airfoil, typical for l.-.rre additional 
lift ccefflcleiits; (K)  minimum pressure ahead of about the 
cuarter-chcrd stE^lon fallowed by gentle pressure recovery, 
typical for conventional alrfoili at small angles of attack; 
and (5) rounded pressure peak at airfoil nose, typical for 
conventional airfoils at moderate angle« of attack. The 
characteristic« of each of these tyoes will now te discussed 
Individually. It Should bu borne in mind that the analysis Is 
based only or. measurements at moderate Reynolds number! on 
airfoil sections of 15-percent-chorü thickness co that numerical 
values stated may be different for thinner or thicker sections. 

The abrupt forward peak of the type 1 pressure distribution 
occurs for low-drag airfoil« at moderate positive and negative 
angle« of attack and for conventional airfoil« with camber far 
forward, 3uch as K.-.C«. 23015, at moderet0 negative angle« of 
attack. -The following table lists the ease« of this type found 
In the figure« of the present data together with the experimentally 
determined critical Mach nur.ber and also the upoer limit of 
Maob number for which this pressure distribution classification 
can be used, namely, the .-. ah number H^at which the drag 
coefficient attains the v ilue of 0.05$ 

1  Airfoil i-.ngle of 
Attack Flg.Ho. 

Critic?.! Lach1 Mach Mumbc p 
I   Section Number, Ii0r  \\ for 03=0.05; Jix-MoJ 

(-lee) • 
j              1 

652-215 -6 !   2(a) 0.46 0.73      ; 0.27s 
652-215 -fc 1   2(b) • 57 .72                     .21 
652-2l5 S i   2(h) ^•7 .66                .19 

66,2-215 -6 i 2M .1+6 .7^                     .28 
66,2-215 -k >,(b .56          | •79             j      .21 
66,2-215 6 ! IW :§    i •71                     .19 
66,2-215 s 1   3 h .68                     .22 

23015 -6 !   5Ja .59 •73                     .23 
HOW -4 r?(o .56 .79                    .23 

It is seen that fcr type 1 pressure distributions the critical 
Kaoh number is low, in the neighborhood of 0.5 and with increas- 
ing Mach number the drnp rises relatively slowly so that Hj. 
is between 0.19 and 0.2S above tho critical Mach number. 
Within this supercritical i'iaoh number range, as the Mach number 
is increaeed the minimum pressure coefficient beco-r.es less 
negative and the chcrdwlse extent of the supersonic portion 
of the pressure distribution increases until at Mi the 
pressure coefficients over the forward third or half of the 
airfoil are relatively corctant. 

COKFIDSrciAL 
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The low-drag pressure distribution cf type 2 has the 
same general shape at supercritical speeds ns at subcrltlcal 
speeds.    The following configurations are of this tyoe: 

j rtlrfoll 
' Section 

«r.glo of 
«ttaol: 
(AM) 

?ig.Ko, 
Critical Mach 
Kumbor, ::cr 

Mach Number 
:•! for C3----0.05 V*« 

652-215 -2 2(c) 0.66 o.so 0.1^ 
C?2-215 o «i(d) .67 .81 .1» 
652-2l5 2 2(e) .25 • 77 .12 
652-215 * 2(f) .62 •72 .14 

66,2-215 ft 3(c) .70 .80 .10 
66,£-215 5 3(d) .6? .81 .12 
66,2-215 2 3(e) .67 .82 .15 
66,2-215 5 3(f) .62 •75 .12 1 

For pressure distributions of this type the critical iiach 
number is high, and above this oritical Mach number the drag 
riBee rr.trer rrpldly so thrt    üj    Is only about O.lt to O.15 
above the critical Mach number. 

For the  airfoils  tested the type 3 pressure distribution 
occurred only at angles  of attcck above lO0.    The relatively 
low test Reynolds numbers end the variation of Reynolds number 
with Mach number do net permit eny definite conclusions for 
thi6 type.    It f-ppears that the trend is for the  general shape 
cf the pressure distribution to regain the  same,  while the 
magnitude of the njse pressure peak decreases with increasing 
Mach numbers. 

The type '4 conventlonai-alrfoil-section iores3ure dis- 
tribution for moderate angles of  attack has,  at subcrltlcal 
speeds,  minimum pressure near the airfoil nose follo'^ed by a 
mere or los6 rentle pressure recovery.    *»t supercritical 
speeds the minimum pr  saure point m^vec rearward and the  length 
of the suocrsonic velocity region increases with Increasing 
Mach number.    Examples of this variation are found in the 
figures listed in the following table: 

dir foil 1 Angl« «F| 
Seetlon i   f|]j£%k »Pig 

(Critical Mach 
!uia »r, Mm, 

:iach Mur.bor 
Ij for CD=0.05 KX-: 

TT 
:1 

0 
2 
k 

-2 
0 



NACA RK No. A7B04    COMFXDEMrXäL 13 

ThiB table shews that at positive angles of attack the low- 
drag airfoils have one pattern -.'hich is different from that 
of all the conventional airfoil sections, At moderate and 
lr.rge negative angles jf attack this simple differentiation 
does not hold, differences in type of camber line having as 
..u-.ch effect as type of thickness distribution. 

As the pressure distribution ever an airfoil changes with 
Mach number there le naturally a resultant variation of the 
alrfoll-sectlon characteristics. A parameter which would be 
expected to affect this variation Is the critical Mach 
nmrbor, at which value sonic velocity is first attained at 
some point on the airfoil surface.  II» surprising thing is 
that no changes are observed in the variation of section lift 
and dra£ coefficients with lisch number at the critical Me.ch 
number. It has therefore been necessary to Introduce two 
other parameters, denoted as the lift- and drag-divergence 
Me.ch numbers, which satisfactorily locate the change in 
variation of lift End drag coefficient with Mach number.  It 
is seen in figures 12 through 16* that for all the airfoil 
sections and most cf the angles of at jack Investigated the 
lift-divergence Mach number Is the same as the drag-divergence 
Mach number, and has a value somewhat larger than the critical 
Mach number. The increment cf the lift- and drag-divergence 
Mach number above the critical Mach number was studied for 
each airfoil and angle of attack in terms of the classifica- 
tion scheme for the type of prsc: ure distribution. The 
following facts were noted: For typos 2,1*, and 5 pressure 
distributions, lift and drag divergence occur at a Mach 
number about C.05 above the'crltical Mach number, while for 
typos 1 and ? this Mach number Increment is about 0.15 to 
0.20. In the description of the presoure-diktrlbution 
classification it -as pointed out that for each type there was 
an approximate value for the difference between the critical 
Mach number and the Mach number Mi at which the drag 
coefficient attains the value of 0.05. The numerical values 
for this Mach number difference './ere given as:  type 1 from 
0.19 to 0.2S, type 2 from 0.10 bo C.15, type 3 undetermined 
because cf insufficient data, type k from Ö.1C to 0.16, and 
type 5 from O.Cg to 0.16. This information together with 
that for the drag-divergence Mach number permits an estimate 
of the rapidity of the Increase in drag coefficient at super- 
critical Mach numbers. 

The method of classifying pressure distributions which 
has been presented appears to bo of vnlue in estimating the 
general differences In pressure-distribution variation v.lth 
Mach number and fipo c ..me changes in section characteristics 
at supercritical Mach number as determined by the airfoil 
shape and angle of attack. 

COKFIöSKüIAL 
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The Mach Nuaber Hi is fron 0.10 tc 0.16 --.bove the critical Mach 
number. At li» the supersonic portion of the rsreseure dis- 
tribution terminates somewhere bötveen 30 and 60 percent of 
the airfoil chord fro^ the nose, depending upon the subcritloal 
pressure-i-ecovery gradient. The lers rapid the pressure 
recovery behind alnlmum pressure at subcrlticrl 3peeds the core 
extensive wi?.l be the length "f the supersonic flow region at 
Ml. 

The type 5 pressure distribution for conventional airfoils 
at BO&er&te angle« of attack hr.s r. nose pressure oef.k at sub-*** 
critical spends which is less abrupt than that of type 1 but 
what seome to be -sore important la the fact that the peak is 
not followed by a region of relatively constant pressure as It 
la for t"po 1. At slightly supercritical speeds the type 5 
pressure peak rounds off eo that the supersonic region is from 
lü to 30 percent of the chord In length» «t increasingly 
Supercritical speods, the length of tho supersonic region 
relialns constant at thia limited value. Type 5 pressure dis- 
tributions occur in the following configurations of tho present 
invcstlK-tion: NACA GOIS at -£° and, STACA 23015 *ad 4415 air- 

"foils at £°*r.nci 10° anglese* attack. ?ar there cases the 
critical He.ch nuabor ia r':   _t C.45 end the value of Mx la 
between 0.0S and 0.16 ac-ove the critical Mach nuaber. 

Of course there Is no abrupt ohf.n<ie in the shape of the 
pressure distribution with changing an^lo of attack. Therefore 
lc Is to be expected that there will be borderline cases in 
which the behaviour of the preaeuro distribution at super- 
critical Keen nuaber« Is between two of the types previously 
discussed. The experimental pressure distributions indicate 
that this overlap ia Halted to an angle-of-attaok range of 
only 1 ;r 2J, In the follovjing table the pressure distribu- 
tions presented in the present report arc classified according 
to the type of variation with Kaon number of the suoersonlc 
portion or the pressure distributions for the surfaoc on 
which tho local velocity nf sound is first attained: 

1 

! 

Angle of 
at t,"ck 

1  — •• 

HACA airfoils 

(dot) 652-915 1 66,2-215 i 0015 23C15 ] 
1 

4415 

-10 
1                           1          :          , 3_5   ] .   

- a 
- f> 
    1        5     | 1 

1                 15-^11 ¥ m 

- 4 1 1 7             \ ! 

- 2 2 2 4           i-»H IV 
B. 2 2 4 4 ; 4 - 

I 2 2      1   4 h ' 4 
2 2        I ,4 4   i % 

6 2-1 1       I 4-5 4-5! 4-5 
8 1                      15 5   i 5 

10 1-3       1       1-3   .! *y--i           5   ' 5 
_.       .        .             -,   •   
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The variation with liach number in the character of the 
fl;w ever airfoils,  which has been discussed in the preceding 
sections,   is accompanied by profound charges in the forces 
and moments acting on the airfoils,   the detailed discussion 
OJT   which will not be undertaken here.    The  treatment will be 
confined lnster.d to a discussion of the extent to which the 
characteristics of the several broad classifications cf airfoils 
Investigated are affected by compressibility. 

Lift Characteristics 

From figures 12 through 16 of the variation of section 
lift  coefficient with Itech number at constant incidence for 
tne NACA 652-215 (a = 0.5), 66,2-215 (a = 0.6), 0015, 23015, 
and 4U15 airfoils,   the  aubcrltical behavior is  seen to be 
sensibly the   same for all five airfoils.    Except at high angles 
cf   attach the  lift coefficient increases with 1-iach number 
approximately in the ratio    1/ </T- IP   until the critical 
speed has been appreciably exceeded.     At  supercritical speeds 
the  lift characteristics of the low-drag airfoils are definitely 
superior to those of tho conventional airfoils investigated 
on   several counts.    For moderate and hi-;h englee of attack, 
the   liach numbers  of lift c iver^ence ere considerably higher 
fox*  the low-drag air:':lit   chan for tho conventional sections. 
Moreover,  upon exceeding the lift-diver -once velocity at high 
rngles  of attack the conventional airfoils experience a more 
severe   loss   in lift  than do tho JTACA 65-;>-215 '(a • °-5)  and 
66,2-215 (a = 0.6)  sections. 

Perhaps  the most important difference in the  supercritical 
characteristics of the low-drag and conventional profiles 
lies  in the changes in lift-curve slope beyond the  11ft- 
dlvorgence Mach numbers of the respective airfoils,    although 
all   the airfoils experience  e reduction in lift-curve  elupe 
upon exceeding their lift-divorjence velocities,   the con- 
vent icnal  sections  suffer particularly  in this reepeot. 
The   variation in lift-curve  slope with i'ir.ch number at C.2 
lift  coefficient shown In figure 40 for all five airfoils 
Illustrator  this fact.    The  slope  of tho  lift curve   is  of 
particular el-vnificance because it is one  ^f the principal 
factors affecting airplane  stability,    excessively lov; slopes 
tend to promote extreme airplane stability,  a very undesirable 
characteristic.    The KACA low-drag sections,  then,  possess a 
definite advantage  In this regard over the conventional 
sections at supercritical speeds. 

.»nether parameter of great Importance in airplane control 
is   the  angle of zero lift.    Figure 4-1 depicts the variation 
v.'ith Mach number In the angle of zero lift for ell five 

1 <r 
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airfoils.    It is noted that the low-drag and oambered con- 
ventional sections alike experience marked positive shifts 
In their respective angles of zero lift at supercritical 
speeds.    The change for the NACA ^15 airfoil Is particularly 
severe but should be regarded EX being characteristic of 
highly canibered rather than conventional airfoils alone.    ThiB 
positive shift In the angle of zero lift is detrimental In 
that It alters airplane trim In a direction to promote an 
airplane diving tendency upon exceeding the Mach number of 
lift divergence.    Disregarding the  MACA M-U15 section as a 
special case,  the low-drag and conventional profiles exhibit 
this undesirable characteristic to approximately the came 
degree.    The constant positive angle of zero lift noted in 
the figure for the NACA G015 airfoil Is attributed to imperfect 
model construction and not to any aerodynamic phenomenon. 

One additional Item of interest regarding the comparative 
lift characteristics of the low-drag tvnd the conventional 
airfoils is the variation of the maximum lift coefficient with 
Mach number which may be  seen in figures 25 to 29»    Although 
the Reynolds numbers of the present tests were too low to 
permit an accurate quantitative assessment of  the  maximum lift 
coefficients,  the  results are of  qualitative value  in 
indicating the trend of the changed in this parameter with 
Mach number.    For the low-drag NACA 652-215  (a = C.5)  find 
66,2-215  (a = 0.6) airfoils the maximum lift coefficient 
first decreases slightly with Mach number,   then rises 
appreciably at moderately high speeds and finally declines 
gradually at the highest Mach numbers.    The over-all variation 
is not very great,  however.    In contrast to this behavior, 
the maximum lift coefficients for the conventional NACA 0015 
and 23015 sections fall off at first sharply,  pnd later, 
deoreaslngly with tieoh number.    The  character of the variation 
of maximum lift coefficient with Mach number for the NACA 
M0.5 airfoil lies in between the  other two types except at 
the higher Mach numbers where It resembles more closely the 
variation for the conventional profiles.    At high sub- 
critical and all supercritical speeds,  then, the low-drag 
airfoils are superior to the conventional sections in this 
reepeot. 

i 

II 
Drag Characteristics 

The hlgh-epeed performance of airplanes is largely 
determined by the drag characteristics of the airfoil sootions 
composing the principal lifting surfaces. The variation of 
section drag coefficient with Mach number illustrated in 
figures 17 to 21 for the representative airfoils investigated 
then becomes of particular interest. Except at moderately high 
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positive angles of attack the general character of the variation 
In drag coefficient with Mach number 1B the same for both the 
low-drag and conventional airfoils. At the higher positive 
angles of attack the low-drag airfoils exhibit a peculiar 
decrease In drag beyond the critical speed which is apparent 
aa a dip in the curve of drag coefficient against Kach number» 
This phenomenon, believed to be associated with flow separation, 
was not observed for the conventional airfoils. 

The drag characteristics of the several airfoil types oan 
best be comoe.red in figure *+2 where the section drag coef- 
ficient at Ö.2 lift coefficient is shown as a function of 
Mach number for all five airfoils.  It is readily apparent 
from an examination of this figure that the low-drag airfolla 
possess no advantage over the conventional airfoil sections 
insofar as supercritical speed performance Is concerned. 
The NACA W15 elrfoll appears to be definitely inferior to the 
other airfoils investigated. 

Moment Characteristics 

Airfoil pitching raoments are of interest here only Insofar 
as they affect airplane stability characteristics at super- 
critical speeds. The variation with Mach number of the quartor- 
ohord pltchlng-moment coefficient seen In figures 22 to 24 for 
the NACA 652-215 (a = C.5), 66,2-215 (.1 = 0.5), 23C15, PC15, and 
MH5 airfoil sections, respectively, is too small for all the 
airfoils investigated, except possibly the NACA W15 at high 
angles of ettRok, to appreciably affect r.irplane trim. 

CONCLUSIONS 

Prom the results of nressure '.'lstrlbutlon and «"rap measure- 
ments at hlrh speeds and moderate Reynolds numbers (1,000,000 
to 2,000,000) for a representative prouo of l^-oercent-chord- 
thlck low-drag and conventional airfoil sections several con- 
clusions regarding the characteristics of airfoils at subcrltlcal 
and supercritical velocities are drawn.  It should be emphasized 
that the following conclusions apnly specifically to airfoils of 
thicknesses In the vicinity of 15 oercent of the airfoil chord 
and do not necessarily apply In the general case. 

1. At subcrltlcal velocities the Karman-Tslen modification 
of potential theory for comoresslblllty satisfactorily predicts 
the variation of the local pressure coefficient with Vach 
number on an airfoil surface except In the vicinity of the 
leading edge. One consequence of thla result Is the very 
satisfactory agreement noted In the present Investigation 
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batmen experimental and theoretical critical ifech numbers 
at other then large angles of attack. 

2.    At supercritical speeds the variation cf pressure 
distribution with Mach nacter i'cr "ooth low-drflg end con- 
ventional e.lrfclls appears to bo directly related to the 
for-a of  the  corresponding low-cpced pressure distributions, 
although this relationship is purely t.:ualltatlve  it permits 
mere rational understanding of the  character 
speed flows. 

supercritical 1    • 

3.    At subcrltlcal Mach number* there appears to be 
little to crcoeo between the lift characteristics of the low- 
drag fr.d tnc conventional airfoils except Insofar aß the 
maximum lift coefficient  is concerned,  where  the  conventional 
sections hold the  advantage st low floods and the low-drag 
profiles are favored et  the higher veloeltles.    For low-drag 
end conventional firf-ile »into*the lift, end consequently the 
llft-cirva  elcoe,   increases with Ifeoh number approximately in 
the ratio    1/   c jjl until tho orltioal speed has been 
exceeded.      " * 

h-.    The eupcrcritical speed lift characteristics cf the 
lew-dreg airfoils, as represented by the IJACA 65?-?15 (a • 0.5) 
and 66,2-215 (e • 0.6) sections, are definitely superior to 
the corresponding characteristics of the conventional profiles 
Investigated in that the lift-curvo slopes cf the former are 
not nearly as 'drastically reduced beyond the Mach numbers of 
lift diveivcer.ee as are the slopes of the letter sections. 
Moreover, the lift-divsrgenoa velocities at the higher angles 
of atte.ck e„re greater fcr the low-drag than for the con- 
ventional eirfoil", enhancing the high-speed naneuverr.billty 
cf airplanes employing the former sections. 

5. The low-drag and moderately cambered conventional 
airfoils exhibit e.n  equally unfavorable positive shift in 
the e.ni«le of zero lift at hlt,h supercritical speeds. The 
NaCA W15 airfoil, a special case na a highly cambered 
section, exhibits particularly undesirable characteristics 
in thin respect. 

6. At supercritical speeds In the norra:.l lift-coefficient 
range, the drag characteristics of the low-drag and coii- 
ventlonal airfoils are sensibly ti.e sa^e, no advantage being 
discernible for the low-dreg type in this range. Although 
the critical speeds for the conventional soctiens are con- 
siderably lower than those for the low-drag type, in the 
vicinity of the design lift coefficient the drag-divergence 
Mach numbers are approximately equal for bith types. 

CONFIDENTIAL 
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7.    The variation of airfoil pltohlng-noment ooefflolents 
with I'ach number for the lovr-drog and conventional airfoils 
alike is svch as to have but small  detrimental effects o'-i  the 
performance characteristics of airplanes at hl^h speeds. 

."..    Althou.jh the low-drag airfoil vnuld appear tn possess 
small advantage over the conventional section as far as high- 
speed oerfornance is  cnncernefl,   it appears  definitely superior 
to  the letter IT the raatter of airplane  stability a:id control 
at supercritical speeds. 

Ames Aeronautical Laboratory, 
Rational Advisory Conraittee for Aeronautics, 

lloffett Field,   Calif. 
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BIKE la.-  EXPEMaEllTAI. LOAD DATA 

CUCA «9.-21;  (• • O.f)        Section Angla of Attack, a, a -(•>] 

*      - 

TABLE Ib.-  EXFBtrarML LOAD DATA 

tUCA S5„-2i;  (a a 0.;)        Saetlon Angla of Attack, a, • -It". 

0.3001   0.1,00 
Valuaa of load paraawtar.  P = P|-Pu» for dlffarant Kaeh nuabara 

0.W0    O.550    0.601    0.626    O.651    0.(76   0.701    0.726    0.75J    O.78O    0.810    0.844    0.879 
0 

•2.020 
•1.520 
-.920 
-.«SO 

".'boo 
-.500 

:M 
-.044 

.090 

.0»0 
-.020 
0 
-.006 

.006 

0 
-2.110 
•1.610 

::« 

:-M 
::JB 
-.0)0 

.012 

.OllO 
0 
0 
-.012 

.002 

0 
-2.21; 
-1.766 
-1.000 
-.770 

r$ 
-loej 
0 

.010 

.010 

0 
-2.210 
•1.825 
-I.OO6 

-!&oo 
-.480 
-.360 
-.286 
-I05I 
0 

.070 

-:S: 

0 
-2.010 

:IM 
-1.215 
-1.070 
-.980 
-.S60 
-.761. 
-.580 

-.070 

!2IlO 
-.020! 
-.010 
-.021 
-.049 

0 
-1.825 
-1.560 
.1.250 
•1.070 
-.9 JO 
-.850 

-.'030 
.131 
.340 

-.050 
-.020 
-.061 
-.029 

I;i 
-.920 
-.820 

::W 
-.520 
-590 
-.195 
-.035 
.115 
.320! 
.160 

-.020 
-.050 
-.050 

-1.51(0 
•1.290 
•1.010 
-.830 
-.740 
-.650 

::! 
::,'l2° 
-.020 

.lltS 

.270 

.270 

:1SI 
.078 

0 
-1.L50 
-1.200 
-.93" 
::Bo° 
-.600 
-.510 
-.42» 

:M 
-.220 
-.154 

•:± 
.no; 
:.» 

•MTIONJU ADVISORY 
COHHITTtl FC» UBMlUTtCS 

TABLE la.-  KXPSRHflLKTU. LOAD DA» 

'. HACA A5s.21t5   (ft • 0.5) Section Angl«  of Attftek,   a0  =   -2°, 

COIflDEHTIAI 



TABLE 14.. 

(«ACA «5,-815 (• - 0.5) 

„•'•»riUL-STIAl 
OPERIKZHTAL LOAD DATA 

Bastion Anal» of Attack, aa • 0°J 

XACA  R»  ID.   A7B04 

_B*"*^ 

Station 

0.J00 

0 
..16) 
0 

.110 

.15» 

.1« 

.220 

.200 

.23» 

.260 

.128 

•i .0<tO 

::SH 
:3S 
.183 
.220 
.2»5 
.1*6 
.?63 
.301 
.26? 
.257 
.259 
.128 

'.olt 
.0»! 

»alun of lml p«ran»tar, 2 - Pi-P...  for Jiff rant Inach nuabara 
0.500 0.550 0.601 

-.226 
-.038 
.082 
158 

.260 

.308 

.287 

.320 
• 3«7 
-350 
337 

• 310 

!o5? 

9,tM 0.701 0.726 0.753 0.806 

.155 

.11» 

.091 

TABLE la.- BFEMXEirfAL LOAD DATA 

[IAEA 65,-215 (• - 0.5) S*otIon Anal« of At'.ok,  t0 - 2°J 

0.300   o.noa 

.067 

;8 :l 
.528 
.500 

:» 
.»5» 
.»15 
.189 
.129 
.078 
.0*7 

Valuea of load p«ra—tar, f • PfPu, for different Hoch nuiber« 

0.500 

:p6 
•k 
.00 
.602 
.628 
.566 

:$ 

I 
'.op 
.060 

0.550   0.600 0.625 0.650 

:» 
:| 
.757 

1720 

:| 
:8S 
ü .120 
.052 
.030 

0.675   Q-731   0.726 10.753   0.779   0.807 

.705 

.720 
-729 
.7*0 
.768 
.772 
.808 
.821 I 
.721 
.2ft2 
.219 
.120 
.099 
.031 

.099 

.200 
273 

•jl° 
'.ioo 
.122 

•*2* 
.377 

.28» 
•259 

:l 

0 
-.081 

:1K 
.180 
.210 
235 

M M 
-.200 

.172 

:S2 
.299 

0.836 

0 
-.177 
-.031 

.036 

.117 

:« 
.187 
.18« 
.130 
.063 

-.108 

"llo 
::M 

.122 

.176 

0.867 

TABLI If.. 

CUCA 65.-215 (• • 0.5) 

tXPOUHEBTAL LOAD DATA 

Section Angla of Attack,  in 

NATIONAL ADVISOav 
COHMTTH H» AHOMUTics 

•»"J 

Station 

k/ö~ 
0 
0.025 

.O56 

.100 

.150 

.200 

.150 

.500 

:SS 
.700 
.800 
.850 
.875 

Valuta of load parameter, P - Pi-Pu, 
rap dlfforant Kacn nuabara 

O.30: o.wo I 0.500   Q.551 0.601 

0 
1.800 
1.595 
1-385 
1.280 
1.200 
1.125 
1.075 

.987 

.9*0 

.912 
.850 

:IS, 
.290 
.185 
.133 
.097 

0.686   0.651   0.678 

1.770 

l.feo 
1.310 
1.255 
1.160 
1.120 
1.02» 

.960 

.919 

.880 

.'»»5 

.280 

.115 

.131 

.099 

0.735 
1-585 

\-.m 
1.355 

l!2»5 
1.190 
1.105 
l.OUO 
1.000 :i 

.'l»0 

.085 

m 

0.705   0.732 

0 
1.360 
1.285 
1.195 
1.210 
1.210 
1.190 
1.195 
1.1*2 
•'J5 

1.022 I 
:$ 
:iS 
.152 

0.759   0.783 

.925 

.910 

.865! 

.8901 
.910; 
.900 
.880 
.796 
.720 
.636 
.»75 
.381 

:» •I .316 
:| 

.685 
-695 
.680 
.720 

•ä 
.515 

:SS 
.201 
.2*0 
-370 
.380 
.59» 
.361 

.610 

.610 

.600 

:S 
.325 
.120 

0 

.»10 

.»20 

.380 

J*5 
.»10 

:$ 
.»80 
.»90 
.»70 

1g 
•2J3 

-.015 
-.192 
-.260 
-.2»0 

.010 

0.871 

.310 I 
:iS 

:28 
-.0»0 

::8j 
-.1»» 

1. 

\ 

coitriDEirfiAL 



UU m Po. AflOt 
ooifXflnTXAi 

TAU ig.- Dnnm LOAD HI 

in« 65,-215 (a • o.j) Saatlon Anglo of Attaak, a, » «*] 

.ttaitaL Valvaa of load fMMr, » » Pi-P«. for alffarant aaoh imNB 
m/a 0.300 o.Uoo O.jOO 

2.590 
1.110 
..700 
.460 

1.310 
".210 

::ffl 
:K 
:S. 
.»70 

•ift 

Q-551 

.570 
,.SlC 
..27C 

0.(01 0.426 0.651 

2.500 
2.270 
2.010 m 
i:8S 
1.510 
1.310 
•?s •TOO 
.570 

:il$ 
.21(0 
.170 

0.678 0.705 0.73* .753 

•15' .02c 

0.783 0.813 Q.8U 

100; 

SB::; 

sy 
78? 

mtu ib.- armimraL LOAD ma 
ClaCA 65,-215 (a • 0.51        Motion AD«1O of HtHk, a„ • VI 

Valnaa «r load 1 

«/• 0.300 0.U01 0.501 

.ftbc 

.U8« 

0.526 0.531 

»tor. P » Pt-I 

0.576 

?-?5' 

0.626 
(or alffaraat 1 

o.<33 

.tbo 

0.681 0.708 0.735 

Ü57 

0.762 0.7«9 O.818 

NATIONAL ADVISORY 
C0OMITTEI K» AtMWOVTKS 

BU a.- nntDasi LOAD DATA 

i-~ CBACA 65.-2.-5 (a • 0.5)        Soetlon Angla of Attaok. a, • 10°J 

Valuta of load 1 

«/• 0.501 0.3X6 0.33* 0.57« 0.602 

:$ 

:$ 
SB 

0.630 0.653 

1:11 

1 

dlffarant amoh 1 

0.71,0 0.7«7 

::S 
•ss° 
it» 
3d 

0.796 

• •CDU 

:£ 
.630 

0.825 

aOaTUOTIAL 

if 



[•tu «.-21; (• • O.S) 

00R71DUT1A1 
. Bmmi 1MB MI* 

•AOA M la. A7B04 

•HU« Aaclo of UtMk, «, -S»J 

Mottoa 

0.301   o.Wi   0.5M   0.5»   o.jes   0.609   0.636   0.663   0-619   0.716   °-T*3   0.770   0.799   0.«J» 

Tin», of l»«J poriwtor. r - >t->„. for «IfforoM »00» —awr» 

2.2» 
1.700 
1.3J0 
1.6*0 

;So 

.399 

0 
2.0» 
1.1 
1.' 
l.i 
1-5 
1.' 
1-1 
!•' . 1.1t 

1.1 

1.0 
1.1$ 
1.10 

TAU &.. 

cue* (5.-219 (» - 0.5) 

Dmnmii UMS BAU 

•»oiloa Aid« ef tttook, a* • U*l 

•/• 

Toluoo of load 1 •t«, r - »i-»u. for Uffonot loob 1 

0.A05  0.509  0.535  O.J61   0.5«  0.613  o.en  0.666  0.(93  0.721   0.7*9  0.772  0.K* 

,*** 

•'; 

f. 

u 



IM* Ol *>. A7*M 

: ib. 
CIACA 66,2-21; (> • o.S) 

ooirinufiiii 
• BmimrAi LOAD U« 

Metion Anglo of Attack, -6°j 

At 

\ 

*    1- 

«/• 0.300 0.500 

0 
•3.890 
•1.770 
•1.30S 
•1.000 

::KS 
::« 
•.310 
-as 
-.1*0 
-.06» 
-.00! 

.020 
-.93.« 

T*lUAl  Cf  load  BTA—fT,   f « 2|-*M»   f"f dlfforiOt 1 

0.551 

0 

-28 
1.290 
•l.Oir 

-1 

::S! 
::IS 

.i»5 

.016 

.022 
•.<*3 

0.601   0.626 0.651 0.676 0.702 0.729   0.756 0.722    0.612   0.2*3 

3:B 
•1.A20 
•1.270 
•1.120 
.1.0g 

:So 
::« 
-.200 

.obo 
•*J5 .340 
.210 

:5S 

(uu m.- oreBimmw, LOAD MM 
[UCA 66,2-215 (• > 0.6) Section And« or Attook, -*"J 

*/• 0.300   o.AOO   0.500   0.550  0.600   0.626   0.651   0.676  0.701   0.726   0.752   0.7S2   0.207 

::B 
::ig 
-.059 
-.020 

.0*6 

:S 
-:8ff 
-.00* 

Tilna> of load paraaator. • * *i->tt. for dlffaroat Ibiob auabar* 

•2. OOO 
•1.510 

-.I» 
-.063 
-.010 

.-s 

.'060 

0 
•1.990 

-1.575 
-.910 
-.670 

::B 
-.115 

-.630 

".'CM 

::« 
-.120 
-.02« 

.0*0 

.112 

.1(0 

.'8 
-:SI 

0 
•1.750 

•i:S 
-1.020 
-.900 
-.«70 

ZP -.<7l> 

.036 

0.23» 

-1.625 -1.025 
•1.»05 -1.296 
.1.1251-1.010 
-.920; -.890 

::WI ::B :#! -I 
-.MO . — 

".'otoj 
.3201 
.210! 
.1551 

-.1201 

-.2i0 
-.1*2 
-.020 

.190 

.103 

NATIONAL ADVISORY 
comma m utouuTics 

MILE II0.>  EUPERIKEKTlU. LOAD DAM 
[KACA 66,2-21; (« * 0.6) Soetlon Angle of Attack, o0 • -2'J 

It*! <#* 
ftauoc of load paraaatar, P v Fl-Pn, for different Mach nuaber* 

0.400 0.500 

::& 
.OIL 
.060 
.102 

III? 

0.550 0.600 0.650  0.675  0.701   0.726 0.751 
0 

•1.145 
-.920 
-.600 

:#o 

-.079 
.036 
.106 

:2fi •a 
•"*? .034 
.001 

«OWIDMTUl 

***£? ••I, mm. 

•   ,'v'   '     - 

• ,;- «V 

i. 

tiii 'It.« 

o--^:*-' 

**SB.»äF.."    V 

i* •'••>•". "-JäHs 



V 

*• i 

JaUao.. 
«/a 

*/a 

MB.I IH. 
OBiraatiAL 

• Bmrnni. LOAD DA« 
Saetlon Ancla of Attaak, 

»ADA Mi IS. A7W4 

•0"J 

Valnaa or load paraaatar, F a PfPg, for dlffarant Maah iwbara 

O.JOO O.I|00 

-SB 
•1? 
.'240 

.306 

.509 

.300 

.30f 

:JÄ 
.059 

O.JOO    0.550    0.600    0.625    0. «51 

.160 

.18; •m 

.270 

.2« 

.365 

.318 

.315 

.301 

.300 

:Zg 

-.M40 

0.676 0.701 0.72« 0.752 0.779 

::» 
::* 

.21« 

.228 

.IS i 

0.803 0.835 

MILE 11a.- DPEBIlffilOU. LOAD DAXA 
[ «4M 66,2-215 (a * 0.«) Saetlon Angla of Attuk,   00 « 2° J 

Valuaa or load paramtar, P = »i-P«, rer dlffaraat aaeh tuaatara 

0.300 

.618 

1 h 
487 

:i 
.102 

0.1(00 0.500 0.550 

.858 

.780 

.728 

.688 

.660 

.626 

.600 

.582 

•is .550 
.502 
.Mo 
.l>55 
.150 

0.626   0.651 

.830 

.•7I0 

.7U0 

'M 
.670 
.670 
.665 
.610 
.560 

."lfo 

.100 
.059 

0.676 

.830 

.770 

:]B 
.76O 
.7l»0 

:&° 
:® .660 

.510 

.130 

0.701 0.OT 0.753 

•W> 

'.lob 
.01 
.670 
.676 

IliO 
.ijo 
.13» 
.131 

0.780 o.aof 

.088 

.120 

.220 

.280 

.300 

.500 

.'370 

:|o° 
.210 
.100 

-.070 
-.170 

WZ .256 

0.83b 

.030 

.0)0 

.110 

:fIS 
.190 

,1 
::£-£ 
•.200 

NATIONAL AaVISOaV 
CONHITTU K» «WOUUTKI 

IHJLT nr.- ntPHHnrawL MAD DATA 

CXACA 66,2-215 (a * 0.6) Saotlon Angle or Attaol, k°l 

A »V 

'? 
•••*. 

t 

t. • 

*-. 
%- * 

i 



i M 10. A7B04 008TIDMTIAL 
TAU tu., nmtmu. LOAD M 

C «ACA 66,2-21! (» = 0.6) Section Angle of Attack, «"] 

Station 

*/• 
Valuta of load parasitär, I - 2i-2u. far different neon manure 

0.300   o.koo   0.501   0.551   0.601   0.626   0.6V   0-676   0.70)   0.731   O.757   0.786   0.IM   0.(4» 

00 
0 
2 
lt_ 
l.»20 
1.220 
1.085 

:flg 
.829 
.760 

•k 
.230 
.059 

2.390 
1.575 
l.*S0 
1.270 
1.150 
1.030 

:ZS 
.800 

:So 
:8j 
:& 

2.»30 
1.950 

!:.£ 
1.185 
1.060 

955 
.912 

:» 

.130 

.075 

!?02 

0 
8.510 
2.065 
1.600 
l.klO 
1.255 
1.130 
1.000 

S:S 
1.870 
1.710 

IS 
.965 

1 
.195 
.150 
.180 
.160 

1:« 
1.230 
1.215 
1.185 
1.160 
1.120 
1.061 

H? 
:tB 
:S 
:I5» 
.271 

NATIONAL ADVISOOT 
coNMTru • umuum 

TABLE ia. 
(RACA 66,2-215 (a = 0.6) 

EXFonmatTAL LOAD DATA 
Sactlon Angle of Attack, en 

«/a 
Valuee of load paraaator, 2 • *i-Pg, for different Mach auabero 

O.300 

3.210 
2.150 
1.7*0 
l.»70 
1.280 
1.1*0 
1.010 

-J3 
•M 
:8S 
.200 
.100 

o.koi 

1:191 
1.790 
l.«80 
1.320 m 

.850 

1 
.150 
.no 
.166 
.149 

0.501 

m 
1.810 

1.190 

.850 

.no 

.189 

.276 

0.526 

1.805 
1.5*0 
1.365 
1.190 
1:§1» 
:S 
.610 
.»79 

:§5 
.090 

0-551 

Z:» 
1-790 
1.560 
1.365 
1.200 
I.06O 

.962 

.8*5 

.762 

.610 
-»97 
.340 
.110 
.080 
.208 
.2*2 

0.576 

tfso 
1.700 
1.5»0 
1.(05 
1.2*0 
1.080 

]% 
'.6w 
.»JO 

:38 
.100 
.195 
.235 

0.601 0.626 
0 

t'.p& 
2.585 
2.3*0 
2.180 

1.220 i1.530 
1.100    1.010 
1.007 I      " 

0.652 0.680 

•.m 
!:S5 

2 
2 
2 
2^     . 
2.0*0 
1.9*0 
1.120 
1.691 

*:? 
1220 
.170 

in 

0.707 

!:& 
2.000 
1.920 
1.830 
1.710 
1.610 
I.5O2 
I.25O 

.862 

.610 

.»12 

:!£ 
.200 
.278 
.292 

0.73» 0.761 0.788   0.816 

m 
1.(10 

1^330 

i:üi 
1.091 

•990 
.7» 

:38 
:US 
•350 

:£ 
TAUE III. 

[HACA 66,2.215  (a » 0.6) 
EXPERIMENTAL LOAD D-'.TA 

3eetlon Angle of Attaak, 10°) 

^ 
l/c 

Taluee of load paraaatcr, 2 * 2l-Fu, for different nach nuabere 

0.300 

5.0*0 
2.600 
8.050 
1.670 
I.»95 

i-m 
1.0*2 

.165 

:$ 
.197 

0.U011 0.501 0.527 0.552 
0 
3.905 
2.700 
?.270 
1.720 
1.490 
1.290 
1.130 

-977 
.850 
-707 

I .160 
.203 
.202 

0.577 0.603   0.629 

1.775 

i:88 ; 
.927 i 
.855 1 

!oio! 

:» 
.225 

0 
3.510 
3.265 
2.880 
2.630 
2. »20 
1.780 
1.310 

•H* 
:Sl 
:*t» 
:SS 
IS 

.2ik 

0.655 
0 
3.220 
2-955 
2.630 
2.«05 
2.175 
1.800 
l.»20 

.985 

.920 

•W 
255 

.230 

.290 

.285 

0.681 
0 
2.9*0 
2.710 
2.380 
2.170 
1." 

'.9*0 
.781 
.610 

SB .280 
.265 

:9 

0.708 
0 
2.770 
2.520 
2.2*0 
2.0*5 

1:111 
1.380 
1.122 

•930 
.712 

.»16 

.270 

0.735 0.762 0.793 0.823 
0 
1.890 
1.725 

!:S.o 
l.klO 

1:83 
1.170 

'as 
.070 

1 

1     L« 

*• 

COirlDSTTIAI. 



"S 

III. 
[not 66.2-215 (• < 0.6) 

OOmDUTIAL 
BtRRimnU. LOAD DA» 

Soetlon Anglo of Attaok, 

IACA m la. A7B04 

o„ - IS"] 

iU 

t- 

»/« 0.JO1   O.UOJ   0.50U   0.550   0.556   0.581   o.«o8   0.655 

Volttol of lood poi 

0 
5.2U5 
2.855 
2.200 
1.780 
1.510 
1.270 
1.060 
.912 
.780 
.657 
.510 
.582 
.510 
.295 
.510 
.518 
.552 

•tor. P •   Pj-Pm. for dlfforont Moon n«bori 

2.050 
1.6U0 
• wo 

.791 

.60; 

1 
1.210 ..rig 

!S 
,550 
1592 
525 
,510 
555 
555 
527 

0 
2.765 

1.B90 
1.595 
1.550 
1.170 

•m m 
.5U0 
.5C0 
.570 

.589 

0.662   O.689   0.717   0.71*5   0.77U   0.795   0.8)1 

2.570 
2.525 
2.050 
1.8S5 
1.6L0 
1.580 
1.190 
1.016 

.890 
•T51 
.600 

38 

HEU Ilk.' 
[IACA 66,2-215 (> = 0.6) 

KPEMMBI1U. LOAD DAIA „ 
Soetlon Anglo of Attaok,    Oa • 1U J 

i/o 0.502   O.UOU   0.506   0.551   0.557   0.58)   0.608   0.655   0.461   0.685   0.715   0.7U2   0.761   0.802 

2.U10 
2.195 
1.860 
1.580 
l.lllO 
1.220 
1.070 

1 
.600 
ASh 
J»io 
.boo 
.580 
.596 
.57U 

0 
2 .no 
1.990 
1.615 
1.U10 
1.250 
1.0*5 

:SZ 
•M 
.580 
.U91 
.U20 
.115 
•U50 
•U59 
.»51 

Voluoo of loop Bimitw. P * P1-P11. for dlf foront Moonmnjbora 

0 
2.210 
1.970 
1.580 
I.56O 
1.210 
1.055 

:8t 
:fiS 
.580 
-U89 
.Uio 
.1(10 
•W5 
.U5l 
.U59 

0 
2.160 
1.920 

1:» 
1.190 
i.obo 

.350 

.857 

.172 
4io 
.1*50 

1*7 

2.180 
1.905 
1.L90 
1.290 
1.130 

.797 

.710 

.tia 

.550 

.H57 
•590 
.bio 
.UUO 
•M' .U67 

0 
2.2lt0 

\-m 
1.270 
1.150 
1.010 

.890 

.819 

M 
.550 
.U79 
.590 
.Uio 
•U50 

0 
2.550 
l.9W> 
1.510 
1.295 
1.170 
1.050 

M 
.580 
•Ml 
.boo 

:i$ 
•U9? 
.501 

0 
2.550 
2.150 
1.720 
1.500 
1.5U0 
1.195 
1.090 

.962 

.B95 
-7|7 
.685 

:i 
:8S 
.552 

0 
2.585 
2.510 

llSSO 
1.U70 
1.270 
1.095 

'¥ •M 
.621 

NATIONAL ADVISORY 
COMITTII I« MWHWTICS 

IABLI III.- HtPEHIMEITAL LOAD DATA 
> 66.2-215 (a T 0.6) Soetlon Anglo of Attaok, 00 * 16°J 

*/• 0.505 

0 
1.720 
1.5U0 
1.550 
1.200 
1.080 

.975 

.900 

k 
.620 

5g 

O.tiOB 0.5U   0.557   o.;6U   0.590 
Voluoi of load poromotor. Po Pi«ffa.  for dlfforont Hoch n«»boro 

0 
1.695 
1.550 
1.295 
I.150 
I.OM 

.9U5 

.870 

.812 

.750 

.672 

.570 
•U77 
.U20 

±8 
:itSi 

0.617    0.6UU    0.671    O.69R    0.726    0.7U5    0.775 

0 
1.710 
1.550 
1.510 

l.ObO 

•M 
.797 

•M 
• 57U 
.U57 •m 
.1*53 
•W) 
.U82 

D 
1.755 
1.570 
1.5)0 
1.175 
1.070 

1809 

•U20 

1 •50b 

«WriDMTIAL 

2.050 
1.780 
1.U50 
1.290 
1.160 
1.0L0 

.805 

•6Uo 
.506 
.Mo 

•5Ü0 
.579 
.571 

" A 

*<•./•. 

^ 

     _       •»'•*' 
•^*^ ^ • •W?l>ii<i>iwni'<iii 
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> m la. mo* 

emu tjns (aatiaa *acw ar attaak, ^« -«•] 

V 

3* 

' •" •;• § 
[ue* 23013 

inu iita.. nrnusnaL LCAB UU 

•aatla* JHfla ar Atta«, a^- -J" ] 

NATIONAL ADVISORY 
aMMTTIE m MKWWTKI 

»/» 

es 

Talma af laad 

0.300 o.aoo 

.«*> 

m 
-033 

::SS 
.010 
.008 
.010 -.on 

..01' 

0 
-I.M0 

'.01 
.0*0 
..0J7 
-.0(0 

•Ä 
:88 .on 
.00} 

0.550  0.600 

0 
•1.1» 

.01 
-.0X7 
-.037 
0     , 
-.Ott 
..0» 

::8o 
..OH 
..or 
-.01! 

.011 

.001 

.03« 

-!:$ 

:S8 

.015 

panaatar, r - fi-V far airraraat Mau 

Q.«g    0.(51    0.47*   0.701    0.7«*   0-751 

•l.HOO 
-.7» 
-.000 

-.01 
-,0»0 
-.01* 
..OHO 
-Oil 
..on 

.010 
•?9! .00» 
.0J« 

0 
-l.fto 

::Ko 
.070 

-.030 
-.060 
-.070 ..on 
..0(0 
-.051 

.0*0 
-.010 

.010 

.010 

.011 

0 
-l.*90 
-.»30 
-.0« 

-!ojo 
-.070 
-.000 
-.0»» 

::SS 
-.050 
-.OSS 

-!OEO 
0 

0 

•J:ö 
":» 
-.ofe 
-.100 
-.030 
-.072 

0 
-1.160 

-.MO 
.1*0 

::!B 
..ol_ 
-.0*0 

::S8 
:;gf 
0 

.Of! 

.0*3 

.010 

.001 

.011» 

0.7T7 0.003 0.13k 

0 -i.ao 

-iSol 

, a 

!f /, 

A. 

i.1 

ooariocRUL 







oomntRut 
TIN* IIIJ.- IBIUIMftL LOAD DAI» 

HM M lo. ATBOi 

[ MCA 8J015 Saotlon Antla or Atuek, «.• U° 3 

Valuaa of loaA 

O.JOO C.DOl 

»:» 

1:5 if 

•222 

=8, 

0.5* 

MS 
1.670 

\:W 
.951 
.«10 

:8S 

-30a 

:5fi 

0.530 0.557 

MB 
8.130 
1.610 
1.370 
1.180 
1.070 

• 959 
.575 
.798 

A70 
• 370 
•308 
•838 

>r«Mttrj V * *!-*«• 'op airfaron* XmKto muaboro 

0.583 

1.820 
l.Uo 
1.8*0 

»SB 
-.US 
•775 

!uo 
.355 
.885 

0.609 

8.390 
8.870 

i:S 
1.810 

*:» 
.888 

.338 
•873 

0.636 

0 
8.150 
s.olo 

1.100 

.889 

;go 
:8S 

0.66} 

1.850 
i.»50 
1.190 
1.080 

JS 
.778 
.730 

:» 
:88 
:5» £ 
.303 

0.691 

X 
.761 

ill 

0.719 0.7*6 0.775 

1.180 
1.160 

.950 

:!g 
!66o 
.638 
.680 

:!H 
•5« 

[ «ACA 83015 

TABU Illk.- I0IRI8UTAL LOAD DATA 

Boetlon Anclo of Attaak, a^ *° 1 

Vtluao or load paraMtor, P • 8(-Pu. for dirfaront liob nuaboro 

«/• O.30I 0.*08 

S.086 
• 701 

l:Ilo 
1.871 

1I09» 

.618 

.58» 

9 m 

0.506 

i.735 
i.395 

1.860 

0.538 

3.180 

0.560 

8-8*5 
8.610 

1.195 
1.100 

•997 

•» 
.780 
•787 
• 675 

:3S 

0.586 0.61} o.6»o 

1.090 

0.668 

::« 
•995 
.890 

•15? 

.680 

.680 

•357 

0.695 

•m 

•780 

1 
•5» 

•359 

0.78» 0.758 

1.980 

.970 

.890 
•838 

:« 
ill? 
.600 

• 338 

1.815 
8.080 m 
1.180 
1.085 

law 
.8*0 
.803 

.»01 

0.809 

IACA 23015 
TABix im— umuatnAL LOAD DATA 

floatlon Angl* of Attoak, OQ 

NATIONAL ADVISORY 
COMMITTEE r» JUMNWTIC5 

- 16° J 

Valuao or load paraaatar, t • 8l-'uf ror alffaraat Haeh nuabara 

I/o 0.J03 

1.17! I IS 

$ 
.607 

33 

o.*o5 0.5M 

.860 

0.535 o.5«3 0.589 o.6»3 0.670 0.698 

l.»15 

• 770 

;I 
:f|S 

COaTIOttTIAL 

0.785 

1:8 
1.395 

.755 

•m 

•*78 
.*00 

0.755 

iff 
i.»eo 
1.885 
1.090 

.980 

3B 
:K 
•E 

i:?J 
1-37! 

.• K y. 

für 

•f./ 

H- 

•*»;-: 

^ 

'i^d 



>ACA at to. A7S04 oomourui 
TABLE IV«.-  EXPBUMEKMI. LOAD MM 

[MCA 0015 Section Anglo of Attack,    •„ • 0° 1 

«/e 

Value! or load parameter, P • 'l-'u> f°r different »ach nusbere 

o.noo   0.550   0.600   0.625   0-650   0.675   0.701   0.7:6   0.751   0.777   0.S05 

?.060 
-.010 
-.005 
-.020 

'.000 
-.010 
-.015 

-.005 
.000 
.000 
.010 

-.065 
-.010 
-.055 
-.025 
-.030 
-.020 
-035 
-.0J0 
-.0?0 

-'01? 

'JOOO 
.000 
.000 
.030 

0 
-.070 
-.010 
-.090 
-.0*5 

-:8B 
-.025 

::0°^ 
-•or" 

.000 

.000 

.000 

.030 

0 
-.060 

.000 

::| 
-.080 -.ffi 
-.025 

::| 
::3i 
-.010 
-.01* 

.000 
.000 
.055 

0 
.OH 

-.010 
-.110 
-.065 
-.025 

~'.<*0 
-.020 
-.025 
-.010 

.000 

.000 

.000 

.000 

.025 

0.637 

0 
- .000 

.075 
-.050 
-.065 
-.010 

.015 
-.015 
-.010 

.000 
-.01! 

.Oil 

.02c 
•335 

NATIONAL  ADVISORY 
comiitui r« aiKHMuTKS 

mi ivb.. nnmivuTAL LOAD DATA 
[MCA 0015 Section Angle of Attack,    a0 « -2° 1 

«/« 

.025 

.050 

.100 

.150 

.200 

.250 

.Wo 

.500 
• 550 
.600 
.700 
.«00 
.900 

Valuoa or load parameter, P - Pi Pu,  for different Naoh nuabere 

0.300   0.U00   0.500   0.550   0.600   0.625   0.651   0.676   0.701   0.726   0.75a   0.779   0.6Q6   0.635 

-915 =s 
-.»50 
-.»00 
-.290 

::£ 
::S 
-.065 
-.010 

.050 

*   , 
MBLI ivo.- npramnTAL LOAD DATA 

[ KACA OOi;    Section Angla or Attaek, Oo * -U° 1 

»/« 

.025 

:£SS 
.150 
.200 
.250 
.300 

!«00 
•»50 
.500 

•I00 
.800 
.900 

Value« or load parameter, P - Pi-Pu. for dirrerent each nuabere 

0.300 .100 

-Dl. 

0.500   0.550   0.600   0.625   0.651 

0 
1.765 

•1.610 
-1.620 
-1-360. 
-.525' 
-.6301 

120 

->o§ 

::§ 
-.080 
-.020 

.065 

0 
•1.660 

1-515 
1.360 
-.880 ::i 

0.676, 0.702   0.729   0.755 

0 
-1, 

no -1 

.2*0 
.190 

-i® 

•1.510 • 
-l.«70,-1 
•1.305-1 
•1.255!-l 

ESI 
-.265    - ::1: 
-.130; - 
-075:   - -.oi 

.051 21 

m 
•I.1H5 
1.100 

•i:Sß 
-.760 
-.530 
-.5«5 
-.260 

::| 
-.020 

.0(0 

.050 

C0»riD£«TI*l 
J. 

0.782 

-.8*0 

-.660 
-.600 

-.285 
-195 
-.178 
-.130 
-.100 
-Öl 

0.805 ! 0.637 

0 0 
-.668    - 

:M - 
579 

V 

-!020    - 
.oto ! 
•08»   ; 

-.001  . 

::oS? 
.039 

1 
H 

[ 



<joiri£uiuL 

T»ä.I in.- DtPnimrnL LMP Mä 

K'l« faction  Angl»   nf   «tUO,     *e  -   -*° J 

MC*  W  •».   *TB04 

Valuta at  la ad  | »tar,  P - *l-*u,  tat «IfTarant hob luabars 

-2.700 

1 
• too 

::S 

1 

0(t(   0.6V 

:l 
-,110 

•:8 

-M? 

0,7« 

ä:ä£ 
:!:88 :-:r 

•ffl 

.1:9. 

:I 

T»«.E in.- nPFRivnmi. LUD MH 
I 0019 faction Angla of Ittaak,     B -a-j 

TatIMI Bf laad pWiutaF,  V - *i-*u,  far flXfaraat H»ah i 

::5§ 

I.ÜI 
1.760 

•1.1?% 

::gf 
-.03*    -.Ob? 

o.tot  0.633 

J:jB:|:B?!: 
:i:si . 
-.wo   -.^ 
-.«50   - U*. 

Q.tWI 0.M5; 0.7»! °-T»  ».7« 

1! «3 

::& 

3|j 

TIKI IVg.-  HimivnTAX LUD un 
KHe faction inrli ot Attack,    na • 

• •»" 



1/   ' 

! m to. ATM4 

|H »»15 

Gmnntiu 
».- BrDMlAL LOAD 0*1» 

Station Anglo or Attack, Og ' -«"> 

ttstla 
-J7T- Z^SS 

•2.9*1 
2.210 

-.351 
-.102 

.059 

.105 

.170 

.232 

!j45 

.155 

•M 

ö^SoT 
Volnoi of looa onronoter. P 
    —raor 

un 
0.500 :'"o.jj*' ^67oi osar 

far llfforent »Mil 
-grey irrar 

:i:c1| 

.13* 

.0)0 

.1« 

.285 

.380 

!SoO 

.379 

~ö^oT 

-.372 
-.«95 

.070 

.222 

;5o6 
•3» 

:8 
.218 
.200 

^TF 
0 

-2.1 
-i.k>. 

i:I3| 
-1052 

.139 
•?'? .Ml 

!»99 
.502 
.&5o 
•a6* 
jB 
.190 

"TTTiT •3^9T 

-I.SAJ 
-1.75S 
-1.300 
-.809 
-.WO 

"lool 
.180 

.500 

•k M 
•All 

TABL» To — EXmlNOITAL LDAD DATA 

(MCA M15 Section Anglo  of tttut,  a, . -*°> 

9-      L -'•*   ' 

THoT 
WMI of load pawi 

O.W1 SSI 
•2.56Q 
1.910 
-.995 
-.4»5 
-.100 

:ffi :I .«50 
,U20 .*« 

.270 

inter 

-2.550 
-2.080 
-1.0ÜO 

-."»15 

:3S 
.(10 

.1*0 
•25 .290 
.210 
.180 

p- >i 
S^H ftfcr 

for difforout Muh nuabora 
TO7T Toll 6.730 122 TK78T 

3:B8 
-.510 

-.» 
.300 
.Wo 

:$ 
.780 
.800 

•M 

5.W 

NATIONAL ADVISORY 
CONNITm m AtmUUTKI 

TABU «0.- EUTRIKEXTAL LOAD DATA 

(IACA «Hie KatlH Anglo of Attuk, a, • -2») 

T7Ö- IW 
Taluoa of long paraaator 

8.W8 I 8.5D? 

-.310 

:-.a 
-:» 

.!t99 

.560 

38 
1291 

:i8 

•^55*1 

•1.3* 
-.9» 

ISO m 
-.350 

.022 

3! .58U 
.ill 
.609 
.640 
.578 
.550 

:& 

TTWI 
P » Pl-P»    for aifforont Maoli nuabora 
o.»a»l oTfees1 a 077 

-1.1*91 
-1.15s 
-.519 

.011 

.3»2 

.575 

.659 

.682 

.690 

.72? 

.63» 

.5«? 

:S? 
.159 

-1.501 
1.219 
-.559 
0 

:8S 
:?B 
.732 
.rti 
.664 
.602 

:So 
:ffii :ä| 
.1581    .IM 

TS778T 

•i.*M 
1.326 

:« 
.8»? 
.998 
.899 

:« 
.588 

:8? 
:£S 
.129 

TT7W TC75f 

1.161 
1.367 

-1.081 
-.730 
-359 

.229 

.565 
.802 
.998 

1.123 
1.086 
1.070 
.800 
.111 
.222 
.12» 
.087 

insj B.ga 

oonriDUTiAii 

II 

•"-jap-/ 



oomuiniAt 
TANK Td.- IXPCMICBTAL LOU DATA 

[USA »»15        Station Anglo of AtUak, ae • 0*) 

IAOA W *o. A7BM 

Station 

0.301 

\ 

oj21 0.500 
Talyta of load pumhr 

0.626 
0 
-.365 
-.1*5 

.?»l 

.5»o 

.701 

.828 

.561 

.837 

.801 

.785 

.»10 

.653 

.598 

•k 

0^50 

-»31 
-.219 

.870 

.890 

.86» 

.838 

.821 

•m 
•m 
.339 

0 
-.500 
-.282 

.189 

.532 

.800 
1.002 
1.025 

.980 

.931 

.891 

:j» 
.601 
.»90 
.328 
.180 
.131 

F • Pl->u» for dlffartat Maah nuabara 
0.6*9 Q.672 

-.629 
-»39 

.0*0 

:# 
1.057 
1.211 
1.3*9 
1.3*0 
1.2*2 

:® 
:IS 
:ü| 
.137 

ojj2j_ 

-.719 
-.450 
-.080 

:28 
.991 

1.160 

.III 

0J30. 

-909 

::Jfi 
:? .8*5 

1.022 
1.218 
1.303 
1.300 
1.195 :ll 

.«08 

.230 

:B 

oj5i 
0 
1.000 
-.865 
-.6*1 
-.220 

.*29 

.7*0 

.909 
1.069 

i!o*o 
1.002 

•m 
.*01 
.2*2 

•Ml 

0.78» 0.8*3 

V 
TABU ft.- HPIRHBITAL LOAD DATA 

[MCA **15       Stotltn   Anglo of Actaok, a, - 2°J 

Valuta or load paraattar, 2 » 2l-2u. rar airrartnt liah MUMM 

a/a 0.302 0.*01 0.501 0-551 

•555 
.600 

0.602 0.627 
o 

»30 
»85 
815 

1.085 

\M i.m 
1.390 
1.170 

•955 

.520 

•k 

0.6*9 0.680   0.706   0.73* 

.020 

.005 

.380 

.705 

.980 

.195 

IP 
i:«S 
.2*0 
.890 
.660 

!i«o 

0 

-!?25 
.160 
.500 
.815 

1.075 
1.210 
1.285 

x:iS 
•M 
.280 
•215 
.190 

0-761 0.788 0.817 0.8*5 

HATMNAL AWKOWr 

TABLE Vr.- tXPEMIBBTAL LOAD DATA 

[BACA **15 Sootlon Angle of Attaok, 0« - *°J 

*  i- 
-llS- 0.302 o.*ol 

0 
l.*30 
1.360 
1.315 
1.330 

1:1$ 
1.065 

•990 
.880 
.800 

:S3 

Taluat of load paraattar, P » Et-Pu. fop dlfferant Xaoh nunbere 

0.501 
0 
1.180 
l.«65 
1.470 
1515 
l-5»5 
1-505 
1.650 
1.360 
1.195 
1.120 

•9?5 

.385 

.'lio 

0.5*9 

1.515 
1.570 
1.590 
1.560 
1.490 
I.M5 
1.180 
1.115 

Ml 
.775 
.580 
370 

.200 

.»70 

0-596 

1.250 
I.365 
1.500 
I.650 
1.815 
1.830 
1.740 
1.695 
1.360 
1.120 

-985 

• 565 

.'210 

.160 

0.627 0.68? 

.620 

.690 

.960 
1.190 
1.385 

til 

m 
.*25 
.290 
.220 
.185 

'•SK 1.20r 
l-JT1 

1.391 
1.395 
1.265 
1.060 

.890 

M 
.»95 

•m 
.255 

0.787 

OOIFIDOTIAL 

0.844 1 1 

•«far*  «-pÄ«SC-.--  -i..v 



UM M to. «no* OOIFIDUTIAL 
tUU T(.- RU LOAD DAT* 

(MC* 4415 Sudan iatl« of IttHi, ,-«°J 

ValuM of lot* pmruatar, P * 2l-?n, far dlffaranl Muh nuribarä~ 

»/« 

55? 

0.301 o.4oo 

m 
1.5*6 
..iio 

1.339 
1.190 
-..12B 
.988 
.««9 
.791 
.61« 
.»00 
.209 
191 

0-550 

2.217 

aiij» 

!:S8 
1.860 
I.501 
1.360 
1.267 

*:sa 
.8*« 
.610 
• 369 

0.628 

1.7»« 

1-975 
1-S7I 

1 
.185 

0.65» 

1.331 
l.»78 
1.646 
1.119 
1.770 
1.761 
1.618 

i:S5» 
.«79 

.480 

.352 

0.681 

1.06» 
1.251 
1.460 
I.6Ö5 
1.629 

•k 
:J8 

0.709 

.837 

.891 
1.068 

IM 
l.*69 
1.160 
1.277 

S 

0-7» 0.7»3 

.675 

.920 
1.1Ö3 

.875 

.699 

•m 
Mi 

o.l» 1.850 

.2*» 
•J10 

.663 

563 

>*•* 

TUU Th.- IXmllBIITAL LOAD 04» 

[ MC* 4415 stotlu Angla of «nok,    «s - 8° J 

0.301 i.400 

Vain» of load, poraoater, 2 - Pi-Pu, for dlffaraa.« «tob auabara 

0.500 

3.0*0 
"I.71X 
.«1 
.060 

::£f 

-1 
"31 1.071 

.9« 

.3« 

.200 
-157 

3.185 
3-080 
2.687 
2.»20 

im 

1.320 
1.126 

971 
•859 

:BS 
.2*8 
.072 

0.525 

2.995 

!:« 
2.469 
2.285 
2.05» 

J:SS 
1.(2« 
1.280 

':» 
.826 

:§? 
:!lo 

0-55' 

2.913 

2-362 

-940 
-832 
•5» 

.165 

0.60» 

2.227 
1-929 
1-561 
1.298 

VSB 
• 837 

:9 
-388 

:« 

0.630 

1.962 
1.000 

1.668 
1.369 
1.169 

!wo 

0.656 

1.728 
1.760 
1.868 
1.9*1 
1-938 
1.858 
1.540 
1.320 
1.16? 

.625 

0.6*3 

:.Ui 

0-712 

:!264 

-570 
.530 

!o21 
-9<K) 
.880 
.856 

.671 

»72 

0.7*1 0-766 8-796 ).«33 

.?? 

.809 

:» 
.730 

•|65 
.620 

683 

1.038 
1.1*6 
1.190 
1137 

• 969 

•l .7»o 

:fiZ 
Ml 
-536 

I   / 

i 
TUU Tl.- tXPIBUBKTAL LUB DATA 

NATIONAL AfiVISORY 
COKMTTfl m AKOMUTIU 

[ MC* 4415 aaatla* Anvlt er Attaak,    a« » 10° j 

Taluat of aoafl pArtaattr. P 1 fl-'u. far dlffarant «»oh 

»/• 

•025 

0.301 0.401 O.502 

3.668 

2.319 
2.089 

1.268 

•g 
:» 
.211 
.175 

3-7« 

2.389 

1.204 

!.5*5 

1.838 

1.205 

.656 

0.525 

3.520 

}:S2 
2.238 
1-975 

•fo 

i:H 
1962 

.42} 

• 230 

3.198 
3.221 
3-211 
2-990 
2-929 
2-335 

l'.Un 
1.251 
1.091 

:8 
.631 
.441 
• 320 
.266 

1.63: 

0.605 0.637 

2.259 
2.300 

1.770 
1.508 

.720 

1 

0.65B 

2 059 
2.199 
2.114 
2.040 
1.890 
1.652 
1-399 m 
1.130 
1.0S 
1.004 

•935 

M 

0.687 

1.823 

1.870 

llÜSo 
\:\% 
l.oko 
1.009 

•977 
• 938 
.807 
.68$ 

:® 

0.71« 0.7»8 0-775 0.841 

1.363 

1.528 
l.»?7 
1.24J 

.838 

SB 

-905 

-786 

1.373 
1.403 

OOiriDIBIIAL 
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Fig. 1 

* 

- 

I 
Figure 1.- Airfoil model mounted in the test section 

of the Ames 1 - by 3 1/2 foot nigh-speed 
wind tunnel. 
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